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(54) Method of fabricating a display device, and apparaUis for formlr^ a thin fiJm 

(57) A plurality of processing chambers are con- 
nected to a common chamber (103 m Rg. 1), and they 
comprehend a processing chancer for oxidation (107), 
a processing chamber for solution ^plication (108), a 
processing chamber for baking (109). and processing 
chambers for vapor-phase film formation (110, 111), 
Owing to a thin-film fomimg apparatus of such oonstruc- 
tion, it is permitted to fabricate an EL (electrolumines- 
cence) element employing a high-molecular EL 
material, without touching the open air. Thus, an EL dis- 
play devkse of high r^iablllty can be fabricated. 
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Descriptton 

BACKGROUND OF THE iNVBITION 

FIELD 01= THE INVBITION: 

[0001] The present invention relates to a thin-film 
forming apparatus whfeh is employed for the fabrication 
of a display device having an EL (electroluminescence) 
element (hereinbelow, termed "EL display device"), and 
to a method of fabricating ttie EL display device as 
employs the thin-film fonmlng apparatus. 

DESCRIPTION OF THE RELATED ART: 

[0002] In recent years, researches have been vigor- 
ously made In EL display devices each of which has an 
EL element as a ^ontaneous emission element. In 
partlcutan notice has been taken of an organic El dis- 
play device which employs an organic material as an EL 
materiaL The organic EL display device is also called 
the ''organic EL display (GELD)" or "organic light emit- 
ting diode (OLED)\ 

[0003] Unlike a liquid crystal di^tay device, the EL 
display device Is of spontaneous emission type and 
therefore has the merit of Involving no problem on a 

view angle. In other words, the EL display device is 
more suitable than the l^uid crystal display device as a 
display which Is used outdoors, and its aji^llcation in 
various forms has been prt^osad. 
[0004] The EL element has a cons^uctlon In which 
em EL is^r is sandwiched In between a pair of elec- 
trodes, and In which this EL layer has a multilayer struc- 
ture ordinarily. Typically mentioned is the multilayer 
structure of "hole transporting layer/light emitting 
layer/electron transporting layer" proposed by Tang et 
al., Eastnian Kodak Company. The multilayer structure 
exhibits a very high emission efficiency, and most of the 
EL dispi^ devices bemg cur?ently under research and 
development adopt this structure. 
[0006] Herein, a predetermined voltage is applied 
to the EL layer of the above structure by the par of elec- 
trodes, whereby light is emitted owing to the recombina- 
tion of carriers takmg place in the ^^ht emitting layer. 
There are two sorts of schemes for the Hght mission; a 
scheme wherein tiie EL layer Is formed between two 
strlpe-like electrodes disposed orthogonally to each 
other (simple matrix scheme), and a scheme wherein 
the EL layer is formed between pixel electrodes con- 
nected to TFTs and arrayed m the shape of a matrix, 
and a counter electrode (active rrmtrix ^heme). 
[0006] Meanwhile, the EL materials of the hole 
transporting layer, the fight emitting l^er, etc, are 
broadly classified into two; a low molecular material, 
and a high molecular material. While materials mainly 
including Alq3 have been known for a low-molecular 
light emitting layer for a longtime, a hlgh-^olecular (pol- 
ymeric) light emitting layer has been noticed especially 



m Europe in recent yeans. Typically mentioned are PPV 
(polyphenyiene vinylene), PVK (polyvinyl carbazole), 
polycarbonate, etc. 

[0007] The reasons why the high-molecular EL 

5 materia! Is noticed are the points that it can be fonned 
Into the layer by a simple metiiod of f coming a thin ^Im, 
such as spin coating process (also termed ''solution 
application process"), dipping process, printing process 
or ink jet process, and that it Is higher in the themnal sla- 

10 bllity as compared with the low molecular material. 
[0008] Usually, the low-molecular EL material is 
formed Into the layer by vacuum evapom^n. That Is, 
oixiinanfy the EL material is successively stacked with- 
out breaking a vacuum in a vacuum evaporator. 

75 Besides, an electrode of small work function is 
employed as the electrode acting as the cathode of the 
EL element, and also this cathode ordinarily fomied in 
succession to the EL material, 
[0009] The EL mateilal Is extraordinarily liable to 

20 oxidize, and the oxidation Is readily promoted even by 
the presence of a slight water content till the degrada- 
tion of this EL material. In case of forming the EL ele- 
ment, therefore, the surface of the anode thereof being 
the lowemiost layer Is first preprocessed to eliminate 

25 moisture etc., whereupon ttie EL material and the cath- 
ode are successively formed on the anode without 
breaking a vacuum. On this occasion, the EL material 
and the cathode are sometimes deposited on the 
selected parts of the anode by employing a shadow 

30 mask or the like, and all the processing steps are per- 
fbnned In an evacuated processing chamber even In 
such a case. 

[001 0] "ITife holds true also of the high-molecular EL 

material, Even in case of the spin coating process etc. 
35 which are not a thin-film fomning expedient In a vacuum, 
It is important for the suppression of the degradation of 
the EL material that the EL material is prevented from 
b^ng exposed in the atmosph^c air whbh contains 
moisture. 

40 

SUMMARY OF THE INVENTION 

[0011] The present invention has been made in 
order to fulfill the above requirements, and has for its 

45 otject to provide a thlrvfi^ forming apparatus whk^ Is 
the nnost favomble for the fabrication of an EL display 
device employing a high-molecular EL material. 
[001 2] Another object is to provide a method of fab- 
ricating an EL display device of high reliablffty by utiliz- 

50 ing such a thin-film forming apparatus. 

[001 3] The pu rpoft of the present i nventlon consists 
In that an EL display de\ice Is fabricated using a thln- 
fllm forming apparatus of multi-chamber system (also 
termed "cluster tool system") or in-line system which 

55 integrally comprehends means for forming a thin film 
made of a high-molecular EL material {herembelow, the 
thin film ^all be rametlmes termed the *'high-moleculaf 
EL Is^f), and means for forming a cathoda 
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[001 4] Wh^le there are vsnous methods of forming 
the tilm of the high-molecular EL material, the adoption 
of a spin coating process is favorable. The spin coatmg 
process ]s an expedient wherein a solute to become the 
main component of ihe thin film is dissolved In a solvent, 
the resuitlf^ solution Is applied by a spinner or the like, 
and the solvent Is subsequently vofatillzKl by a baking 
process^ thereby to form the thin film. 
[0015] In the present invention, the solution con- 
taining the hlgh-moleoJlar EL material is applied by the 
spinner, and the solvent Is volatilized &y performing a 
heat treatment at a temperature at whldi the tilgh- 
mofecular EL material is not crystallized (concretely at 
a temperature which is not higher than a glass transition 
temperature). As a result, the high-molecular EL layer is 
formed on a substrate. In other words, the fomiation of 
the high-molscular EL layer necessitates means for 
applying the solution containing the high-molecular EL 
material, and means tor baking after the application. 
{0016] Besides, the high-molecular EL material is 
weak against oxygen likewise to a low-molecular EL 
material, and an electrically conductive fBm to be pro- 
vided after the formation of the high-molecuiar EL layer 
should desirably be formed so that this high-molecular 
EL layer m^ not be exposed t<J an environment con- 
taining moisture or oxygen. It can accordingly be said 
that the means for fonriing the high-molecular EL layer 
(in the present Invention, means for executing the spin 
coating process}, and the means for formmg the con- 
ductive film to serve as the cathode {or an anode), on 
the high-molecular EL layer (means for executing a 
vapor-phase film fonnation process such as vacuum 
evaporation or sputtering) should desirably be Installed 
In the identical thln-fslm forming apparatus, 
[0017] The present Invention achieves the above 
requirements by the thin-film forming apparatus of multi- 
chamber system, and consists in technology for fsbii- 
catlng the EL display device of hig^i reliability by adopt- 
ing such a thin-fitm fonning E^paratus. 

BRIEF P^ SCRIFFiON OF "mi PRAWINGS 

[0018] 

Fig. 1 is a schenrmtic plan view showing the con- 
struction of a thin "film forming apparati^ embody- 
ing the present invention; 

Fig. 2 is a schematic plan view showing the con- 
struction of a thin-film forming appamtus in another 
en^odrnent of the present invention; 
Rg. 3 Is a schemafc plan view showing the con- 
structlon of a thin-fiim forming apparatus In s^ll 
another embodiment of the present invention; 
Rg. 4 is a schematic plan view showing the con- 
struction of a thin-film forming apparatus in yet 
another embodiment of the present invention; 
Figs. 5(A) through 5(D) are sectional views showing 
a process for fabricating an active matrix type EL 



display device; and 

Rgs. 6(A) through 6(E) are sectional views showing 
another process for fabricating an active maU-ix type 
EL display device. 

PR^ERRED EMBODIM ENTS OF THE INVENTK>N 

[Embodiment 1] 

10 [0019] An apparatus tor formmg a thin film in an 
ennbodiment of the present invention will be described 
with reference to Rg. 1 . The apparatus shown in Rg. 1 
serves to fabricate an EL display device which includes 
an EL element employing a transparent electricaliy-con- 

15 ductive film as an anode, a high-molecular EL layer as a 
light emitting layer^ and a metal film as a cathode. The 
metal film confining an element that belongs to the 
group-1 or group-2 of a periodic table. 
[0020] Referring to Fig. 1. numeral 101 designates 

20 a transport chamber into or out of which a substrate is 
taken, and which Is also calied a "load lock chamber''. A 
carrier 102 on which the substrate is set Is arranged 
here. Incidentally, the transport chamber 101 may well 
be separated for taking the substrate feiwards and for 

2S taking the substrate outwards. 

[0021] In addition, numeral 103 designates a com- 
mon chamber which includes a mechanism ("transport 
mechanism") 105 for transporting the substrate 104, A 
rc>bot sain or the like for handling the substrate 104 Is 

30 one example of the transport mechanism 1 05. 

[0022] Besides, a plurafity of pfoce^ing chambers 
(indicated at numerals 107 - 1 11) are respectively con- 
nected to the common chamber 103 through gates 
1 06a - 1 06f. In the construction shown in Fig. 1 , the tnte- 

35 nor of the common chamber 103 is in a normal-pres- 
sure atmos[^ere which is filled up wrth an inert gas 
(preferably, nitrogen gas, hellym gas, neon gas or argon 
gas). Since, however, the respective diambers 101 , 107 
- 1 1 1 can be completely cut off from the common cham- 

40 ber 103 by the corresponding gates 1 06a 106f, gas- 
tight closed spaces can be defined. 
[0023] It is accordingly pemiitted to perform 
processing in vacuum by disposing a vacuum pump for 
each chamber. Usable as the vacuum pump is a rotary 

45 oil pump, a medianteal booster pump, a molecular tur- 
bqsump or a cryopump, among which the cryopump 
effec^ve for efimlnating moisture is especially favorable. 
[0024] The processing chamber indicated at 
numeral 1 07 serves to perform an oxidation process for 

50 bettering the surface of the transparent electricaily-con- 
ductive film formed on the substrate (hereinbelow, the 
processing charr^er 107 shat! be termed the "process- 
ing chamber for oxidation"). Here, preprocessing is exe- 
cuted for matching the junction surface potential of the 

55 transparent conductive film with the surface potential of 
the high-molecular EL layer. Techniques for the preproc- 
essing are the folbwing three: 
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(1) Surface oxidation process which is based on an 
oxygen plasma utilizing a parailei-plate glow dis- 
charge. 

(2) Surface oxtdatlon process which is based on 
ozone producKJ by Irradiation with ultraviolet iighL 5 

(3) Surface oxidation process which is based on 
oxygen radicals produced by a plasma. 

[0025] Although the thin-film forming ^paratus 
accorcling to the present invention may well be fur- to 
nished vnth the processing dian^r for performing any 
of the three surface oxidation processes, the method 
wherein the ozone is produced by the ultraviolet light 
irmdiation so as to implement the suiiace oxidation of 
the transp^nt conductive fi^ is simple and favorable, 15 
Moreover, organic substances on and in the surface of 
the transparent conductive fiJm are e^inaSed by the 
surface oxidation based on the ozone. Further, it is 
effective to satisfactorily ef^inate moisture by simulta- 
neously heating the substrate on this occasion. 20 
[0026] By the way, in evacuating the processing 
chamber for oxidation. 1 07, this chamber may be com- 
pletely cut off from ^e common chamber 103 by the 
gate tOBb so as to implement the evacyatlon in a gas- 
tight state- 2S 
[0027] Next, the processing chamber Indicated at 
numeral 108 serves to apply a solution contammg the 
hlgh-mo^ecu^ar EL material by the spin coatmg process 
(herelnbelow, the processing chamber 108 shall be 
termed the "processing dianr4>er for solution applica- 30 
tlon"), Since, as explained befme, tiie EL material is 
very weak against moisture, the interior of the process- 
ing chamber for solution application, 108 needs to be 
always held in an inert atmosphere. 
[0028] I n th Is case, the gate 1 06c also p^ays the ro! e 35 
of a shutter which prevents the organic solution from 
scattering. In bringing the interior of the processing 
chamber 108 into a lowered-pressure state, this cham- 
ber may be completely cut off from the commor> cham- 
ber 1 03 by the gate 1 06a 40 
[0029| Next, the processing chamber indicated, at 
numeral 1 09 serves to bake a thin coating film fomied in 
the processing chamber for solution application, 108 
(hereinbeiow* the prixiessing chamber 109 sh^l be 
temied the "prcKjessing diamber for baking"). Here, the 45 
thin film is heat-treated, thereby to remove the exces- 
sive part of the organic solution and to perform a proc- 
ess for forming the high-molecular EL layer. Insofar as 
the atmosphere of the baking process is an inert gas, it 
may be underthe normal pressure. Since, however, the 50 
organic solvent volatilizes, the baling process should 
preferably be Implemented In vacuum. In that case, the 
processing chamber 1 09 may be cut off from the com- 
mon chamber 1 03 by the gate 106d. 
[0030] Next, the processing chamber indicated at 55 
numeral 110 serves to form the electrode by a vapor- 
phase film fomiatlon process (herelnbelow, the 
processing chamber 110 shall be termed the "process- 
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ing chamber for first vapor-phase film formation"). Vac- 
uum evaporation or sputtering is mentioned as the 
vapor-phase film formation process. Here, the process 
is used for the purpose of forming the cathode on the 
high-motecular EL layer, and hence, the vacuum evapo- 
ration being less prone to infiicl damages is more pnef- 
erable. In either case, the processing chamber 110 is 
cut off from the common chamber 1 03 by the gate 1 06e, 
and the film fomnation is implemented in vacuum. 
[0031] By the way. with the thin-film forming appara- 
tus sho)fim in Fig. 1, the cathode Is formed in the 
processing chamber for first vapofiahase film formatfon, 
1 10, Any known matenaf may be employed as the mate- 
rial of the cathode. In addition, that surface of the sub- 
strate 1 04 which is subjected to the vacuum evaporation 
(that side of the substrate 104 which is formed with the 
highHTiolecular EL layer) m^ conform to either of a 
face-up scheme and a face-dowm scheme. 
[0032] The face-up scheme is very simple for the 
reason that the substrate 1 04 transported from the com- 
mon chamber 1 03 may be directly set on a susceptor. 
With the face-down scheme, the transport mechanism 
1 05 or the processing chamber for first vapor-phase film 
fomnation, 1 1 0 neals to be previously furnished with a 
mechanism for turning the substrate 104 Inside out, so 
tfiat the transport becomes compficated. This face- 
down scheme, however, attains the advantage that con- 
taminants adhere little. 

[0033] By the way, m the case where the vacuum 
eviration process is performed in the processing 
chamber for first vapor*phase film formation, 110, an 
evaporation sourc^e needs to be included beforehand. In 
this regard, a plurality of evaporation sources may well 
be mounted. Besides, the evaporation source or 
sources may conform to either of a resistance heating 
type and an EB (electron beam) type. 
[0034J Next, the processing chamber indicated at 
numeral 1 1 1 serves to form an electrode a vapor- 
phase film fonnation process (hereinbelow, the 
processing chamber 1 1 1 shall be termed the "process- 
ing chamber for second vapor-phase film formation^), 
Here, the electrode to be formed is an auxiliary elec- 
trode vi^lch assists the cathode. In addition, vacuum 
are^ration or sputtering can be employed, and the 
fomner is more prefa^ie because of beir^ 1^ prone 
to inflict danwges. In e^er case, tiie processng cham- 
ber 1 11 is cut off from the conwnon chamber 1 03 by the 
gate 106f, and the film fomia^n Is impbmented in vac- 
uum. 

p035] Besides, m the case where the vacuum 
ev^oration ^ performed as the vapor-phase film fomia- 
fion process, an evaporation source needs to be 
mounted. The evaporation source may be the same as 
that of the processing chamber for first vapor-phase film 
fonnation, 110, and shall therefore been omitted from 
description here. 

pom\ The met^ film which is often employed as 
the cathode, is one which contains the element belong- 
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ing to the group-1 or group-2 of the periodic table. Since 
such a metai film Is liable to oxidize, the surface thereof 
should desirably be protected beforehand. Besides, 
since the required thickness of the metai film is small, 
an electrically conductive film low resistivily (the aux- 
iliary elec^ode mentioned above) is provided as an aux- 
iliary, thereby to lower the resistance of the cathode. 
Simultaneously, the protection of the cathode is attemed 
by the conductive film of low resistivity. A metal film 
whose main ownponent is aluminum, copper orslfver is 
employed as the auxiliary conductive film. 
[0037] Incidentally, the above processing steps 
(evacuation, transport, film formation process, eta) can 
be performed by a computerized fully automatic control 
which is based on a touch panel and a sequencer. 
[0038] The most impor^t features of the thin-film 
fontiing apparatus constructed as de^ribed above, 
consist in that the formation of the EL layer Is done by 
the spin coating process, and that the means therefor is 
installed in the Ihln-fllm fomiing apparatus of multi- 
chamber system, together wrth the means for fonning 
the cathode. Accordingly, the processing steps which 
begin with the step of oxidizmg the surface of the anode 
made of the tran^>arent conductive film and whksh end 
in the step of lomiing the auxiHary electrode, can be 
perfomned without e>^osing the substrate structure to 
the open air anytime. 

[0039] As a result, it is permitted to form the high- 
mc^ecular EL layer immisie as^inst degradation, by the 
simple means, and to fe^ficate the EL display device of 
high reliability. 

[Embodiment 2] 

[0040] In this embodiment an examp le in which the 
thki-^lm fomiing apparatus shown In Fig. 1 Is partially 
altered will be described with reference to Rg, 2. Con- 
cretely, this embocBment so consft"ucted that a 

processing chamber for evacuation, 201 is interposed 
between the commort chamber 103 and the processing 
chamber for solution appli<^tion, 108. Incidentally, 
regarding description on the parts other than the altered 
point, Embodiment 1 can be cited. 
[0041] Although En^odiment 1 has mentioned the 
example in which the common chamber 103 Is tilled up 
with the inert gas so as to have its interior kept under the 
normal pressure, the substrate 104 may well be trans- 
ported in vacuum. In this case, the pressure of the inte- 
rior of the common chamber 1 03 may be k3W6red to 
several mTorr through several tens mTorr. On ^is occa- 
sion, ttie processing chamber ft^ solution application, 
1 08 Is ^lled up with the inert gas so as to have its Intenor 
kept under the normal pressure. Accordingly, the differ- 
ence between the internal pressures of the chambers 
103 and 108 must be overcome. 
[0042] In this embodiment, therefore, the pressure 
of the processing chamber for evacuation. 201 Is first 
lowered to that of the common chamber 103, and the 



gate 1 06d is opened in the lowered-pressure state so as 
to transport the substrate 1 04 into the processing cham- 
ber 201. After the gate 106d has been shut, the interior 
of the processing chamber for evacuation, 201 is 

$ purged vMh an inert gas. When the internal pressure of 
the chamber ^1 has recovered the normal pressure, a 
gate 202 is opened so as to transport the substrate 104 
into the processing chamber for solution application, 
1 08. The transport here may be done stage by stage, or 

10 may well be done yfM\ dedicated transport means. 
[0043] Further, when the st^ of solution applica- 
tion has ended, the gate 202 Is opened so as to trans- 
port the substrate 1 04 into the processing chamber for 
evacuation, 201 , and this chamber 201 is evacuated m 

15 a state where the gate 202 and the gate 106d are shut. 
When the interior of the processing chamber for evacu- 
ation, 201 has reached tiie lowered-pressure state of 
the common chamber 103 in due course, the gate 106d 
is opened so as to transport the substrate 104 irrto the 
common chamber 103. 

[0044] IncidentalJy, although the processing cham- 
ber for baking, 109 is d^spos€d in this embodiment, the 
susc^tor of the processing chamber for evacuation, 
201 nrmy well be made heatable so as to perform the 
S5 step of baking here. Degassing can be supfM'essed by 
evacuating the processing chamber 201 after the bak- 
ing. 

[0045] Owing to the construction as described 
above, it is permitted to handle the substrate 1 04 in vac- 

30 uum In all the chambers excepttiie processing chamber 
for solutbn appllca^n, 108, If the Interior of the com- 
mon chamber 103 Is in the lowered-pressure state, a 
time period In which a desired Internal pressure is 
reached can be shortened in evacuating the processing 

35 chamber for surface oxidation, 107, the processing 
chamber for baking, 1 09, the processing chamber for 
first vaporiJhase film fomnation, 110 or the processing 
ch^berfor second vapor-phase film fonmation, 11 1 , so 
that the throughput of the thin-film fomilng apparatus 

40 can be enhanced, 

[Embodiment 3] 

[00^1 In this embodiment an example in which the 
4S thin-ti^ fomnmg apparatus shown in Fig. 1 is partially 
altered will be described with reference to Fig. 3. Con- 
cretely, this embodiment Is so constructed that the 
transport chamber 101 is furnished with a glove box 301 
and a pass box 302, Incidentally, regarding description 
so on the parts other than the altered point. En^dirr^nt 1 
can be cited. 

[0047] The ^ove box 301 b connected to the trans- 
port chamber 101 through a gate 303. Processing for 
finally enveloping the EL element in a sealed space, is 
55 perfonned in the glove box 301 . This processing is one 
in whbh the substrate 104 subjected to all the process- 
ing steps (the substate 104 having returned to the 
transport chamber 1 01 after the processing steps in the 
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thin-film forming apparatus sliown in Fig. 3) is protected 
from the open air, and which employs such an expedient 
as mechanically enveloping the substrate 104 with a 
sealing material (also termed "housing material") of 
enveloping ft witi a ^ernrK^etting resin or a uftravidet' 
setting resin. 

[0048] Usable as the sealing material is any of 
materials such as glass, ceramics and metals. In a case 
where fight is caused to emerge onto the side of the 
sealing material, this material must be light-transmissi- 
ble. Besides, the sealing material and the sjbstrate 1 04 
subjected to all the processing steps are stuck together 
with the thermosetting resin or the ultraviolet-setting 
resin, and the resin is set by a heat treatment or a treat- 
ment of irradiation with ultraviolet light, thereby to define 
the sealed space, it Is also effective that a drying agent 
such as baHum oxide put In the sealed space. 
[0049] Alternatively, the EL element can be envel- 
oped by only the thermosetting resin or the ultravic^et- 
setting resin without employing the sealing material. In 
this case, the thermosetting resin or the ultraviolet-set- 
ting resin may be applied and set so as to cover, at 
least, the side surfaces of tie substrate 104 subjected 
to ail the processing steps. "Riis contrivance servK to 
prevent moisture from intruding from film Interfaces. 
[0050] With the construction of the thin-film fbnnlng 
apparatus shown in Fig- 3, a mechanism for the irradia- 
tion with ultraviolet light (heretnbelow, tenned the ^ultra- 
violet irradiation mechanism"*), 304 is mounted inside 
the glove box 301. The uitravlolet-seitlng resin Is set by 
the ufeaviotet light emitted f ram the ultraviolet in^dlatbn 
mechanism 304. 

[0051] Incidentally a^hough operations in the glove 
box 301 may well be manual, a structure in which the 
operations are mechanically executed under a compu- 
ter control is favorable. In the case of employing the 
sealing material, it is favorable to incorporate a mecha- 
nism for applying a sealant (here^ the thermosetting 
resin or the ultraviolet-setting resm) as is employed at 
the step of assembling the cell of a liquid crystal, a 
mechanism for sticking substrates together, and a 
mechanism for setting the sealant. 
[0052] 8esides, the interior of the glove box 301 can 
have Its f^essure lowered by attaching a vacuum pump, 
m a case where Itie step of envelopment is mechani- 
cally performed by robot motions, it is effecfiveiy done 
under the lowered pressure. 

[0053] Next, the pass box 302 Is connected to the 
glove box 301 through a gate 306. The pass box 302 
can also have Its internal pressure towered by attaching 
a vacuum pump. This ps^ box 302 is an equipment 
which serves to prevent the interior of ttie glove box 301 
from being directly exposed to the open air» and out of 
which the substrate 1 04 js taken. 
[0054] As described above, with the thin -film form- 
ing apparatus of this embodiment, the substrate 104 is 
exposed to the open air at the stage at whidi the EL ele- 
ment has been completely enveloped in the sealed 



space. Therefore, the EL element can be substantially 
perfectly prevented from degrading due to mois^re etc. 
That is, it is permitted to fabricate the EL display device 
of high reliability. 
5 [0055] Int^entefly, it is possible to add the feature 
of Embodiment 2 (the processing chamber for evacua- 
tion, 201 shown in Fig. 2) to the thin-film fontilng appa- 
ratus shown in Fig. 3. Thus, It Is permitted to enhance 
the reliability of the EL display device still more. 

10 

[Embodiment 4] 

[0056] In this embodiment, a case where the 
present invention is applied to a thin-fifm forming appa- 

15 ratus of in line system will be described with reference 
to Fig. 4. By the way, this apparatus corresponds basi- 
cally to a case w^ere the thin -film forming apparatus of 
multi-chamber system as shown in Fig. 1 has been 
altered to the In-line system, so that Embotiknent 1 may 

20 be cited regarding description on indivkiual processing 
chambers. 

[0057] Referring to Fig. 4, numeral 401 designates 
a first transport chamber into which a substrate is taken, 
and w^ich is provided with a rarrier 402. The first trans- 

25 port chamber 401 is connected to a first common cham- 
ber 404 through a gate 403. The first common chancer 
404 is furnished with a first transport mechanism 405. in 
addition, a processing chamber for oxidation, 407 is 
connected to the first common chamber 404 through a 

30 gate 406, and a processing chamber for solution appli- 
cation, 409 is connected tfiereto through a gate 40S. 
[0058] The substrate pnx;essed in the processing 
chamber for oxIdaSon, 407 and the processing chamber 
for solution apptication, 409 in the order mentioned, is 

35 taken into a second transport chamber 411 which is 
connected to the first common chamber 404 through a 
gate 41 0. A seccmd common chamber 41 3 is connected 
to the second transpc»1 chamber 411 through a gate 
412. The second common chamber 413 is furnished 

40 with a second fransport mechanism 414, by which the 
substrate is taken out of the second transport 41 1 . 
[0059] Besides, a processing chamber for baking, 
416 is connected to the second common chamber 413 
through a gate 415, and a processing chamber for first 

45 vapor^shase film fornratlon, 418 is connected thereto 
through a gate 41 7. Further, the subsfrate processed \r\ 
the pmcessing chamber for baking, 416 and the 
processing chamber for first vapor-phase film fonDation, 
418 in the order mentioned, is taken into a third trans- 

50 port chamber 420 which is connected to the second 
oomnnon cl^t^r 41 3 through a gate 41 9. 
[0060] A third common chamber 422 is connected 
to the third transport chamber 420 through a gate 421 . 
The third common chamber 422 is furnished wtth a third 

55 transport mechanism 423. by which the substrate is 
taken out of the third transport chamber 420. Besides, a 
processing channber for second irapori^ase film fomia- 
tion, 425 b connected to the third cc«nmon chamber 
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422 through a gate 424, and a fourth transport chamber 
427 for taking out the substrate is connected thereto 
throu gh a gate 426. The fo ufth transport chamber 427 Is 
provided with a carrier 428. 

[0061] As described above, this embodmient con- 
sists in the in lined thm-film fonning apparatus m which 
the plurality of processing chambers are connected to 
realize a through process. 

]i 0062] By the way, a processing chamber for evacu- 
ation may well be Interposed between ttie processing 
chamber for solution application, 409 and the first ccmrt- 
mon chamber 404 in the same manner as In Embodi- 
ment 2. Also allowed is a construction in which, In the 
same manner as in Embodiment 3, a giove box and a 
pass box are connected to the fourth transport chamber 
427, so as to take out ^e substrate after tie envelc^- 
ment of the EL element 

[Embodiment 5] 

[0063] Embodiments 1 - 4 have exemplified the 
construction in which the processing chamber for oxida- 
tion, the processing chamber for solution application, 
the processing chamb®- for baking, the processing 
chamber for first vapor^hase film fomiation and the 
processing chamberfor second vapor-phase film forma- 
tion are disposed as the plurality of processing cham- 
bers. The present invention, however, is not restricted to 
such a combination. 

[0064] If necessary. It is also al lowed to di^se two 
or more processing diambei^ for solution apFrilcation, 

or three or more processing chambers for vapor-phase 
film formation. Besides, the processing chamber for 
vapor-phaseliim formation may weN be used for the for- 
mation of a low-molecular EL ^ayer, apart from the for- 
mation of the metal film. It is also possible, for example, 
to forni a light emitting layer by spin coating and then 
stad( an electron transporting layer thereon by vacuum 
evaporation, or to form a hole transporting layer by spin 
coating and then stack a light emitting layer thereon by 
vacuum evaporation. Of course, a low-molecular EL 
layer formed by vacuum evaporation may weli be over- 
laid with a high-molecular EL layer by spin coating. 
[00^1 It Is also effective that an insulating film, pref- 
erably an Insulating fi&n containing sllteon, is formed 
covering the EL element as a final passivation film. In 
that case, the insulating film may be fomnad by sputter- 
ing Of vacuum evaporation in the processing chamber 
for vapor-phase fitm formation. Incidentally, a silicon 
nitride film or a siSlcon nitride oxide film whose oxygen 
content Is low is favorable as fiie insulating film contain- 
ing silicon, 

J0066] As described above, the present invention is 
not restricted to the combination of the plurality of 
processing chambers, but the functions of processing 
chambers to be disposed may be properly determined 
by a person In charge. Incidentelly, Embodiment 1 can 
be cited reading description on the individual pmcess- 



ing chancers. 
(Embedment 6] 

5 [0067} In this embodiment an example In which the 
thtn-film forming apparatus of the present Invention Is 
adopted in fabricating an EL display device of active 
matrix type will be described with reference to Figs, 5(A) 
through 5{D). By the way, in this embodiment, the appa- 

10 ratus described in Embodiment 1 will be taken as an 
ex^ple. Accordingly, the description of Embodiment 1 
can be cited regarding the detail of the processing 
steps which are pejfomed In the individual processing 
chambers. 

15 [0068] First, as shown m Fig. 5(A), pixels 502 
arrayed in the shape of a matrix are fomned on a g^ass 
substrate 501, Although the glass substrate 601 is 
empksyed in this embodiment any material may be 
used for a substrate. Howeiver, In a case where Rght Is 

20 emitted from an EL element onto a substrate side as in 
this embodiment, the substrate must be light-transmis- 
sible. 

[00691 Besides, each of the pixels 502 has a TFT 
^3 and a pixel electrocfe (anode) 504, and a current to 
25 flow to the pixel electrode 504 is oonUoiled by the TFT 
503, A method of fabricating the TFTs 503 nr^ conform 

to any known method of fabricating TFTs. Of course, the 
TFT 503 may be either a top gate type TFT or a bottom 
gate ti^e TFT. (Rg. 6{A)) 

30 [0070] Further, the pixel electrode 503 is fomied 
using a transparent electrically-conductive film such as 
of a compound comprising indium oxide and tin oxide 
(and which is called "ITO"), or a compound comprising 
indium oxide and zinc oxide. In this embodiment, a com- 

35 pound in which 10 - 15 % of zinc oxide is m^xed in 
indium oxide is employed. 

[0071] Subsequently, the substrate shown in Rg. 
6(A) is put in the earner 1 02, and this earner 102 is set 
in the tran^ort chamber 101 of the thin-film fomiing 
40 apparatus shown In Rg. 1. Besides, the substrate Is 

transported by the transport mechanism 105 into the 
processing chamber for oxidation, 1 07, in which the sur- 
faces of the anodes 504 are bettered. In this embodi- 
ment, In a state where oxygen gas is introduced into the 

4S evacuated processing chant)er 107, ultraviolet light Is 
projected, and the si^strate is exposed In sm ozone 
atmosphere thus created, thereby to better the surface 
potentials of the pixel electrodes 504. 
[0072] Subsequently, the substrate is transported 

so into the processing chamber for solution application, 
108 by the transport mechanism 105, and it Is coated 
with a solufe3n containing an EL materia, by spin coat- 
ing, thereby to form the preform 605 of a high-molecular 
EL layer. In this embodiment, a solution in which polyvl- 

55 nyi carbazoie is dissolved in chloroform \& employed. Of 
course, any other appropriate combination between a 
high-molecular EL material and an organic solvent may 
well be employed. (Rg. 5(B)) 
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[0073] Further, the resutting substrate Is trans- 
ported into the processing chamber for baking. 109, in 
which a baking process (a heat treatment) is performed 
to polymerize the EL material, in this embodiment, the 
whole substrate is heat4reated at a temperature of 50 - 
150 (more preferably, 110 - 120 ''C) by heating a 
stage by means of a heater. Thus, excessive chlorofonn 
IS volatilized to form the high -molecular EL layer (a pol- 
yvinyl cartazofe film) 506. (Fig. 5(C)) 
{0074] When the state of Rg. 5(C) has been 
obtained, the substrate is ^nsported into the process- 
ing chaniber for first vapor^hase fifrn formation, 1 10, in 
whidi s cathode 507 made of a metal film that contains 
an element belonging to the group-1 or group-2 of a 
periodic table is formed by vacuum evaporation. In this 
embodiment, magnesium and silver are co-evaporated 
at a rate of 1 0 : 1 , thereby to form llie cathode 607 made 
of an Mg-Ag alloy. 

[0075] Further, the substrate tbmned wkh the cath- 
ode 507 is taken out of processing chamber for first 
vapor-phase film formation, 1 1 0 and Into the processing 

chamber for second vapor-phase film formation, 1 1 1 by 
the transport mechanism 105. In the latter processing 
chamber 111, an electrode (auxiliary electrode) 508 
whose main conr^onant is aluminum is fomied on the 
catbocfe 507. Thus, the state of Fig. 5{D) Is obtained. 
[0076] Thereafter, a passivation film such as a sili- 
con nitride film may well be provided by vacuum avapo- 
fatlon or sputtering at need. In the case of providing the 
passivation film, the thin-fHm formmg apparatus may be 
previously equipped with a processing chamber for 
forming an insulating film, or the substrate may be taken 
out once and formed wtth the passivation film by 
another apparatus. 

[0077] Besides, using the thin-film fomnmg appara- 
tus as shown in Embodiment 3, the EL element may 
well be finally enveloped before the substrate is 
exposed to the open air. 

[0078] Incidentally, although this embocfiment has 
exemplified the application of the thin-film forming &ppa- 

ratus of the present Invention to the fabrication of the 
active matrix type EL display device, the apparatus is 
also applicable to the fabrication of a simple matrix type 
EL display device. Besides, the thln-fiim forming appa- 
ratus In any of Embodiments 2 - 5 may well be applied. 

[EmbocfimentT] 

[0079] In this embodiment, another example in 
which the thin-film formmg apparatus of the present 
invention is adopted in fabricating an EL display device 
of active matrix type wll be described with reference to 
Rgs. 6{A) ttirough 6(E), By way, In this embodiment 
the apparatus described in Embodiment 1 will be taken 
as an example. Accordingly the description of Embodi- 
ment 1 can be cited regarding the details of the process- 
ing steps which are perfc^ed in the individual 
processing chambers. 



gwao] Rrst, as shown in Rg. 6(A), pixels 602 
arra^d In the sl^pe of a matrix are formed on a glass 
substrate 601. Although the glass substrate 601 Is 
employed in this embodiment, any material may be 

5 used for a substrate. 

[<m81] Besides, each of the pixels 802 has a TFT 
803 and a pixel electrocte (cathode) 604, and a current 
to flow to the pixel electrode 604 is controlled by the TFT 
603. A method of fabricating the TFTs 603 may conform 

10 to any known method of fabricating TFTs. Of course, the 
TFT 603 may be either a top gate type TFT or a bottom 
gate type TFT (Fig. 6(A)) 

[0082] Further^ the pixel electrode &)3 be 

fomied of a fiNn whose main component is aluminum. In 
75 this embodiment, light emitted from an EL element is 
caused to emerge onto the side opposite to the sub- 
strate 601 (upwards as vmwed in Fig. 6(A)). On this 
occasion, tiie pixel electrode 603 funcffons as a reflect- 
ing etectrode. It Is therefore favorable to emplc^ a mate- 
20 rial which exh'rtMts the highest possible reflectivity. 
[0083] Subsequently, the substrate shown In Fig. 
6(A) Is put in the carrier 102, and Xh\s carrier 102 is set 
in ^e transport chamber 101 of the thin-film forming 
apparatus shown In Fig. 1 . Besides, the substrate is 
26 transported tfie transport mechanism 105 into the 
processing chamber for first ^or^ahase film fomiation, 

1 10. in which cathodes 605 eacti being made of a metal 
film that contains an element belonglr^g to the group-1 
or group-2 of a periodic table is formed by vacuum evap- 

30 oration. In th^s embodiment, the cathodes 605 made of 
an Mg-Ag alloy are formed. Incidentally, the cathodes 
605 are selectively formed in correspondence with the 
r^pective ji^el e^ctrodes 604 by tiie vacuum evapora- 
tion which employs a mask. (Fig. 6(8)) 

35 [0084] Subsequently, the substrate is tmnsported 
into the processing chamber for solution application, 
108 by the transport mechanism 106, and It is coated 
with a solution containing an EL maleriaL by spm coat- 
ing, thereby to form the prefonTi 606 of a high-molecular 

40 EL layer. In this embodiment, a solution in which 
polypheny lene vinyls ne Is dissolved In dlchloromethane 
is employed. Of course, any other appmpriate combina- 
tion between a high-molecular EL material and an 
organic solvent may well be employed. (Fig. 6(C)) 

45 [0085] Further, the resulting substrate is trans- 
ported Into the processing charriser for baking, 109, in 
whic^ a baking process (a heat treatment) is perfonned 
to polymerize the EL material. In this embodiment, the 
whole substrate Is heat-treated at a temperature of 50 - 

50 150 (more preferably 110 - 120 ^^C) by heating a 
stage by means of a heater. Thus, excessive dlchlo- 
romethane is volatilized to fomi the high-molecular EL 
layer (a pol^henylene vinytene film) 607. (Fig. 6(D)) 
[0086] When the state of Fig, 6(D) has been 

55 obtained, the substrata is transported into the prcxiess- 
ing chamber for second vapor-phase film formation, 

111, in which an anode 608 made of a transparent con- 
ductive film is formed by sputtering. In this embodiment, 
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a compound in which 1 0 - 1 5 % of zmc oxide is mixed in 
indium oxide is employed. Thus, the state of Fig, 6(E) Is 
obtained. 

[0087] Thereafter, a passivation film such as a sili- 
con nitride ^fm may w^! be |xovided by vacuum evapo- 
ratbn or sputtering at need. In case of providing the 
passivation film, the thtn-fifm forming apparatus may be 
previously equipped with a processing chamber for 
forming an insulating film, or the substrate may be taken 
out once and fonned with passivation fiim by 
another apparatus. 

[00S8] Besides, using the thin-film fomiing appara- 
tus as shown in Embodiment 3, the EL element may 
well be fmafiy enveloped before the substrate is 
exposed to the open air 

[0(^9] Incidentally, although this embodiment has 
exemplified the application of the thin-^lm forming appa- 
ratus of Sie present Invention to the fabrication of the 
acBve matrix type EL display device, the apparatus is 

also applicable to the fabrication of a simple matrix type 
EL display device. Besides, the thin-film forming appa- 
ratus in any of Embodiments 2 - 5 may well be applied. 
[0090} The present invention brings forth effects as 
stated below, 

[0091] A proce^lng chamber for forming the layer 
of a high-molecular EL material by a spin coating proc- 
ess, and other processing chambers for preprocessing 
and for forming electrodes are integrated in conformity 
with a muiti-chamber system or an in-line system, 
whereby an EL element employing the high-molecular 
EL material can be fabricated w^out the prc^lem of 
degradation. It is accorellngly possible to sharply 
enhance the reliability of an EL display device employ- 
ing ttifi high-molecular EL material. 

Clabns 

1 . A thin-fi Im forming apparatus, comprising: 

a transport chamber Into or out of which a siJt- 
strate is taken; 

a common chamber including a mechanism for 

transporting said substrate; and 

a plurality of processing chambers respectively 

corrected to said common chamber through 

^s; 

v^^eneln said plutBlity of processmg chambers 
include a processing chamber for solution 
application, a processing chamber for baking, 
and a processing chamber for vapor-phase film 
formation. 

2. A thin -film forming appara&js, conprlsing: 

a transport chamber Into or out of wbicfi a sub- 
strate is taken; 

a common chamter incluoBng a mechanism for 
tr^^ortlng said substrate; and 



a plurality of processing chambers respectively 
connected to said common chamber through 
gates; 

wherein said plurality of processing chambers 
5 Include a processing chamber for oxidation, a 

processing chamber for solution application, a 
processing chamber for baking, and a process- 
ing chamber for vapor^ase ^Im fomiation, 

10 3* A thin^film fonnlng apparatus, conrprlslng: 

a transport diamber into or wjt of which a sub- 
strate is taken; 

a common chamber Including a mechanism for 
15 transporting said substrate; and 

a pluralily of processing chambers respectively 
connected to ^ki common chamber through 
^es; 

wherein said plurafity of |»iocesslng chambers 
20 Include a processmg chamber for soiution 

application, a processing chamber for baking^ a 
processing chamber for vapor-phase film for- 
mation In which a metal film is formed, and a 
processing chancer for vapor-phase film for- 
25 mation In whk:h an Insulating film Is forn^d. 

4. Athln-fllm fonnlng apparatus, cximpriang: 

a transport chamber into or out of which a sub- 

30 strata is taken; 

a common chanrter indudlng a mechsmism for 
transporting said substrate; and 
a plurality of processing chambers respectively 
connected to said common chan^r ttirough 

35 gates; 

wherein said plurality of processmg chambers 
include a processing chamber for oxidation, a 
processing chamber fc^ solution application, a 
processing chamber for baking, a processing 

40 diamber for vapor-phase film formation in 

which a metal film is fom^ed, and a processing 
chamber for vapor-phase film fomiation in 
which an insulating film is formed- 

45 5. A thin-film fonnlng apparatus according to any of 
Claims 1 through 4, wherein a processing chamber 
for e^mcuafion is interposed between said process- 
ing chamber for solution application and the gate 

cx)rresponding thereto. 

60 

6* A thin-film fomiing apparatus accordmg to any of 
Claims 1 through 4, further comprising means for 
appiylr^ a mender selected from tiie group con- 
^sting of a thennose^ng resin and an ultraviolet- 
55 setting resin, so as to.cover, at least, side surfaces 
of said substrate subjected to all processmg steps, 
and means for setting the selected resin. 
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7. A thin -film form'mg apparatus according to any of 
Claims 1 through 4, further comprising means for 
applying a member selected from the group cor^- 
sisting of a thermosetting resin and an ultraviolet- 
setting rmn, onto said substrate subjected lo a!i 5 
processmg steps, means for sticiclng said subsfrate 
and a seeing material together, with the selected 
resin, and nneans for setting said selected resin. 

8. A me^od of fabricating an EL display device, conn- w 
prising: 

applying a solution contammg an EL material 
onto a transparent conductive film by spin coat- 
ing; 15 
baking said solution by a heat treatment after 
the solution applying step, thereby to fonn a 
thin film made of said EL material; and 
forming a metal containing element belonging 
to either of the group- 1 and group-2 of a peri- 20 
odic table, on said thin film made of said EL 
material and by either of vacuum evaporation 
and sputtering; 

wherein the solution applying step througli the 
metal fonnlng step are perfomied In an Identi- 25 
cal thin -film forming apparatus. 



forming a metal film containing an element 
belonging to either of the group-1 and groiip-2 
of a periodic table, on a conductive film by 
either of vacuum evaporation and sputtering; 
applying a solution containing an EL materiai, 
onto said metal film by spin coating; 
baking said solution by a heat treatment after 
the solution applymg step, thereby to form a 
thin film which is made of said EL material; and 
forming a transparent conductive film on said 
thin fifrn made of said EL material and by either 
of vacuum evaporation and sputtering; 
wherein the metal forming step through the 
transparent conductive forming step are per- 
formed in an identic^ thin-film fonning ^ara- 
tus. 

12. A method of fabricating an EL dl^lay device 
according to Claim 1 1 , comprising: 

forming an insulating film on the transparent 
conductive film by either of vacuum evaporB- 
tion and sputtering, after the transparent con- 
ductive film forming step; 
where'm tfie Insutetlng fifem fomiing step is per- 
formed in the thin-film forming apparatus. 



9. A method of fabricating an EL display device, com- 
prising: 

oxidizing a surface of a transparent conductive 

film; 

applying a solution containing an EL material, 
onto the transparent conductive film subjected 
to the oxidizing step and by spin coating; 
baking said solution by a heat treatment after 
the soiution applying step, thereby to form a 
thin film ^Nh\ch is made of said EL material; and 
forming a metal film containing an element 
belonging to either of the groyp-1 and group-^ 
of a periodic table, on said thin film made of 
said EL material and by either of vacuum evap- 
oration and sputtering; 

wherein said ttie surface oxidizing step through 
the metal forn^ng st^ are perfomied In an 
identical thin-fifrn forming e^paratus. 

10. A method of fabricating an EL display device 
according to either of Claims 8 and 9, comprismg: 

forming an insulating film on sad met^ film by 
either of vacuum evaporation and guttering, 
after fonnmg said metal film; 
wherein the insulating film forming step is per- 
formed in the thin-fllm forming appamttis. 

11 . A method of fabrfcating an EL display device, cckh- 
pilsing: 



13. A thin-film fanning apparatus, comprising: 

30 a first cPamber for applying a soiution contain- 

ing an EL material; 

a second chamb^for baking said solution; 
a third chancer for fomiing a vapor-phase film; 
means for transferring a substrate between 
35 said first to third chambers without exposing 

said subsbBte to air; and 
means for isolating said first to third chambers 
fomn each other. 

40 14. A thin-film fomiing apparatus, comprising: 

a first chamber for applying a solution contain- 
ing an EL material; 
a second chamber for oxidation; 

45 a third chanfa^- for f ormlr^ a vapor-phase film; 

means for transferring a substrale between 
said first to third chancers without exposing 
said substrate to air; and 
means for isolating said first to third chambers 

50 form each other 

15, Athin-filmfomning apparatus, comprising: 

a first chamber for applying a solution contain* 
55 ing an EL materiai; 

a second chamber for baking said solution; 
a third chamber for forming a metal comalnlng 
film; 
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a fourth chamber for forming an insulating film; 
means for transferring a substrate between 
said first to fourth chambers without exposing 
said substrate to air; and 

means for Isolating said firstto fourth chambers s 
form each o^er, 

16. A thin-film forming apparatus according to any one 
of claims 13 through 16, wherein a spin-coating 
apparatus is installed into said first chamber. lO 

17. A thln-fifen fomiing apparafejs according to any of 
claims 13 through 16, wherein a processing cham- 
ber for evacuation is interposed between said 
processing chamber for solution application and the w 
gate corresponding thereto. 

18. A thin-fitn forming ^jparatus according to any of 
claims 13 through 16, further conprising means for 

applying a member selected from the group con- 20 
sisting of a thennoselting resin and an ultraviolet- 
setting resin, so as to cover, at leasts side surfaces 
of said substrate subjected to all processing steps, 
and means for setting the selected resin. 
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